The amount of neurosecretory material (NSM) in the median eminence (ME) and the morphological changes in NSM of the supraoptic nuclei were investigated over a 24-hour period in Japanese quails, which were held on 8-hour daily photoperiods from 37 days to 55 days of age and then subjected to continuous illumination for 32 hours before sacrifice. Daily rhythmic changes were found in the amount and the concentration of NSM in ME, as well as in the volume of the stainable portion of ME. The rhythmic changes of the concentration of NSM in ME was inversely related to that of the volume of the stainable portion of ME. These rhythms in ME as well as in the morphological observation of NSM in the supraoptic nuclei suggest that the onsets of light and dark periods activate the hypothalamic neurosecretory system resulting in the initiation of synthesis and release of NSM. Biological meanings of these phenomena are discussed in relation to the avian gonadal growth induced by photoperiodical manipulation.
SYNOPSIS
The amount of neurosecretory material (NSM) in the median eminence (ME) and the morphological changes in NSM of the supraoptic nuclei were investigated over a 24-hour period in Japanese quails, which were held on 8-hour daily photoperiods from 37 days to 55 days of age and then subjected to continuous illumination for 32 hours before sacrifice. Daily rhythmic changes were found in the amount and the concentration of NSM in ME, as well as in the volume of the stainable portion of ME. The rhythmic changes of the concentration of NSM in ME was inversely related to that of the volume of the stainable portion of ME. These rhythms in ME as well as in the morphological observation of NSM in the supraoptic nuclei suggest that the onsets of light and dark periods activate the hypothalamic neurosecretory system resulting in the initiation of synthesis and release of NSM. Biological meanings of these phenomena are discussed in relation to the avian gonadal growth induced by photoperiodical manipulation.
Circadian rhythms of adenohypophysial hormone activities have been reported on the adrenocorticotropic hormone (mouse: Ungar and Halberg, 1963) and on the gonadotropic hormones (rat: Clark and Baker, 1964; Japanese quail: Tanaka et al., 1966) . Since the hypothalamic neurosecretory system has been suggested to participate in the regulation of release of avian adenohypophysial gonadotropic hormones (Benoit and Assenmacher, 1959; Farner et al., 1964; Ishii and Kobayashi, 1962; Konishi, 1967) , the neurosecretory material (NSM) accumulated in the median eminence (ME) may be expected to show daily rhythmic changes, as well as gonadotropic hormones. Supporting this idea, Oksche et al. (1959) reported the circadian rhythm of the amount of NSM in ME of the white-crowned sparrow. The present experiments were carried out to explore a (Paget, 1959) . The NSM in ME was measured microphotometrically; the method has already been reported and discussed in previous papers (Konishi, 1965 (Konishi, , 1967 . Total amount (M) of NSM in ME was calculated using the following equation:
(log Ti: optical density of a section 1, Bi: area of the stained region of asection i, 1: the number of sections containing NSM). The average concentration of NSM (av. OD) was obtained from the values of well-stained sections and the volume of the portion of ME containing NSM (Volume) was given by the total area of the stained region multiplied by the number 10, the thickness of a section. 
RESULTS
Specimens used in these three experiments showed considerable variation in body weight (Table 3) . In Experiment A, A25-30 group was larger in mean body weight (p<0.05) than A13-18 or A19-24 group. There was also significant difference (p<0.05) in body weight between B1-6 and B13-18, while there was no statistical difference among other groups of Experiments A and B, and among 3 groups of Experiment C (Table 3 ). The effect of continuous illumination from 34 to 37 days of age was reflected on the testicular weight in Experiment A (cf. Konishi et al., 1965) . It seems unlikely, however, that such an accidental illumination had a great influence on the daily rhythmic change in the neurosecretory system at the time of autopsy, since the birds were held on 8-hour daily photoperiods for about 20 days thereafter. Mean testicular weights at sacrifice were not different among 5 groups of Experiment A. Birds of Experiments B and C had almost completed testicular development and the birds of Experiment C showed a maximum testicular weight. There was no statistical difference in the mean testicular weight among the 3 groups of B and of C, and also between B and C.
The data of measurement of NSM in ME are summarized in Tables 1 and 2 . Neither body weight nor testicular weight had any correlation with the amount (M) or the concentration (ay. OD) of NSM in ME. Since NSM in ME only indicates the accumulated amount at the time of sacrifice, the relationship between the amount of NSM in ME and the testicular weight cannot be discussed in detail (Konishi, 1967) .
The mean values of M, av. OD and Volume are given in Table 3 . Unfortunately A25 bird was female, but it was not excluded from the calculation of mean values. The amount of NSM in ME of C birds was larger than those of A and B; the difference between C and A was significant (p<0.05). The concentration was also higher in C than A (p<0.05), while there was no difference in the concentration between C and B. The mean Volume of C was equal to A and relatively larger than B.
The concentration of NSM in B birds was slightly higher than A, while the volume of the stainable portion of ME was slightly larger in A than B. Maximum amount of NSM was found at about 2hrs. before the onset of darkness (A13-18) and the amount was significantly larger (p< 0.05) than that of A1-6 group killed at about 2hrs. before the onset of light period (Table  3 ). The concentrations of NSM in ME of Al-6, A13-18 and A25-30 groups showed a tendency Endocrinol.
Japon. Sept. 1967 to be greater (0.10>p>0.05) than those of the other two groups (A7-12 and A19-24). Deviations from mean values of av. OD in the former groups were relatively larger than those in the latter. The mean volumes in A7-12 and A19-24 groups were larger than those in A1-6, A13-18 and A25-30. The mean value of A7-12 was significantly larger (p<0.05) than those of A1-6, A13-18 and A25-30 groups. The volume of the portion of the ME containing NSM appeared to show a rhythmic change inversely related to that of the concentration (Fig. I) .
Decrease in the concentration of NSM in ME and increase in the volume of the porticn of ME which contained NSM were found in A7-12 group as compared with A1-6 group. These facts suggest the involvement of two phenomena: the release of NSM from ME and the supply of NSM from the perikaryon of the neurosecretory cells to ME. Supraoptic neurosecretory cells of A7-12 group had large granular NSM whose amount was less than those of A1-6 group; the neurosecretory cells having coarse granules were few in four specimens (A8, A10, A11 and A12), while four specimens (A1, A3, A4 and AS) had a number of supraoptic neurosecretory cells containing large granular NSM. By 2 hrs. after beginning of the photoperiod, coarse granular NSM in the supraoptic cells appeared to be replaced by those of fine granular form. This suggests that the onset of light period activates the migration of NSM in the neurosecretory cells through their axons toward ME.
A correlation between the morphological patterns of NSM in the supraoptic nucleus and the amount or the concentration of NSM in ME was not apparent until the onset of light period (A1-6 group). In A7-12 group, birds (A7 and A8) having smaller amounts of NSM in ME showed heavy accumulation in supraoptic cells, while relatively large amounts of NSM in ME were accompanied by little granular material of large size and small amount in the perikaryon (A8, A10, A11 and A12). These results indicate the possibility of initiation of migration of NSM from cell bodies to the axonal endings in ME.
During the photoperiod, the amount and the concentration of NSM increased markedly. The increase in the amount of NSM in ME at about 6hrs. after beginning of the photoperiod may be explained by observations by Sloper et al. (1960) that there is a certain period between the initiation of synthesis of NSM in the supraoptic cells and the appearance of newly formed NSM in ME. Augmented concentration of NSM in ME and possibly reduced volume of the stainable portion of ME suggest the lowered secretion of NSM from ME. Large granular NSM was found in a number of supraoptic cells of 3 specimens of A13-18 group, while they were few in the other 3 specimens. In general, the neurosecretory activity showed wide variations in the middle of the photoperiod and there was no correlation between the morphological patterns of NSM in the hypothalamic cells and the amount or the concentration of NSM in ME. Since the release from ME and the supply from the hypothalamic region are suggested to occur at about 2 hrs. after lighting, NSM in the cytoplasm of the supraoptic nuclei at about 6 hrs. after the onset of the photoperiod can be regarded in part as the newly synthesized material.
After the onset of darkness the release from ME appears to become active again. This may be explained by the decrease in the concentration of NSM in ME and the appearance of the material in the supraoptic neurosecretory cells (A19-24). NSM in the supraoptic neurosecretory cells of four specimens except A23 and A21 decreased in amount and the large granular material was few; total amount of NSM in ME and the volume of the stainable portion of ME were very small in A23, whereas those values in A21 were the largest of this group. The results indicate that neurosecretory cells are generally active at 3hrs.
after the onset of darkness. The small amount of NSM in the cell bodies in the hypothalamic region and the large volume of the portion of ME containing NSM suggest that NSM, after being synthesized during the photoperiod, has migrated to ME by 3hrs. after darkness.
In the middle of the dark period the concentration of NSM in ME was generally high and the volume of the stainable portion of ME was small, suggesting the inactive secretion from ME. Large droplet-like NSM was observed in many neurosecretory cells of all specimens. Coarse granular NSM was conspicuously large in the neurosecretory cells of 2 specimens (A28 and A29) and it was many in number in those of A25 and A30. These four specimens had also large amount of NSM in ME. Since the amount of NSM in the neurosecretory cells of A19-24 group was small, synthesis of NSM probably occurred between 3hrs. and 8hrs.
after the onset of darkness. In the middle of darkness NSM may be accumulated in the axonal endings in ME as a result of the supply of NSM to ME. Specimen A27 showed extremely low values of M, av. OD and Volume and also revealed the inactive appearance of the neurosecretory cells, indicating the further release of NSM from ME inspite of the decrease of supply from the cell bodies. The difference in responsiveness to 32 hours' continuous illumination may account for individual variations in the neurosecretory activities in A25-30 birds .
The neurosecretory system appears to be inactive during the period between the middle and the end of the dark period. The supraoptic cells of A25-30 birds, however, had more granular NSM in the cell bodies than those of A1-6 group. A possible explanation is that the neurosecretory system was partly activated by a con-Endocrinol.
Japon. Sept. 1967 tinuous illumination of 32hrs. on the preceding day. When 8-hour photoperiods were continuously given to birds after hatching, the release of NSM from ME may occur just at the onset of the photoperiod (Oksche et al., 1959) .
Experiments B and C
Under continuous light, total amount of NSM in ME was significantly larger (p<0.05) at 8 AM than at 16PM and 1AM. The concentration of NSM was also higher in B1-6 (8AM) than that of B7-12 (16PM), while there was no difference in the volume of the stainable portion of ME among 3 groups of Experiment B. Since there was a significant difference in body weight, it is not apparent whether daily rhythmic changes in neurosecretory activity exist even under continuous light. Supraoptic neurosecretory cells had conspicuously large droplets of NSM. The neurosecretory system was generally inactive under continuous light. Any correlation was not found between the activity of the supraoptic nuclei and the values of M, ay. OD or Volume.
Total amount of NSM in ME was nearly equivalent among 3 groups of Experiment C, while the concentration was slightly lower in C7-12 group than in C1-6 and C13-18 groups. A significant difference was observed only between C7-12 group and C13-18 in the volume of the stainable region of ME. The concentration and the volume of the stainable portion of ME appear to change inversely under 16-hour photoperiods as was found in Experiment A. The reduced concentration and the increased volume of the stainable portion of ME in C7-12 group suggest the active neurosecretion from ME at about 10hrs.
after the onset of the photoperiod. It is not apparent, however, that the neurosecretory system was activated by the onset of the photoperiod, since the sampling time might not be enough to detect the initiation of release of NSM from ME (C1-6 group). In C7-12 group, the neurosecretory activity shown by the appearance of supraoptic cells was very variable, suggesting the individual variations in the middle of the photoperiod (cf. Experiment A). At about 4hrs. after the onset of darkness supraoptic neurosecretory cells were generally inactive. Tanaka et al.(1966) have reported with Japanese quails that the gonadotropic potency of the anterior pituitary is higher at the end of the light period than 3 or 4hrs. after beginning of darkness under stimulatory lighting regimens. The daily rhythm of the neurosecretory activity in Experiment A is highly in accord with that of the gonadotropin content in the anterior pituitary, since a continuous illumination of 32hrs. given just before killing is evidently stimulatory for the post-natal testicular growth in Japanese quails (Konish et al., 1965) . The present results further suggest the secretion of NSM from ME shortly after the onset of the light period. It is probable that NSM transmitted to the anterior pituitary causes the synthesis of gonadotropins and it results in increase in gonadotropin content during the light period. The net synthesis of gonadotropins under the influence of hypothalamic extracts has been demonstrated in the in vitro systems, indicating that releaser substance would have also an effect on synthesis (cf. Reichlin, 1963) . There may be a relatively inactive state in release of NSM from ME in the middle of the photoperiod. This may be explained by a negative feedback mechanism by gonadal steroids, if light stimulates the synthesis of NSM in the supraoptic neurosecretory cells and the release from ME (McCann and Ramirez, 1964; Chowers and McCann, 1965; Kobayashi and Farner, 1966) .
DISCUSSION
The stimulatory effect of interrupted light during darkness on the avian gonadal growth has been extensively investigated (Jenner and Engels, 1952; Kirkpatrick and Leopold, 1952; Farner, 1959; Wolfson, 1959) . Farner et al. (1953) have suggested the possibility that the light-stimulated mechanism is of such a nature that there is involved a process which becomes active almost immediately after the beginning of the photoperiod and which has a persistent "carry-over period" of activity after the end of the photoperiod.
They envision the effective duration of this "carryover period" to be of the order of a fraction of an hour to several hours, doubtless a function of the duration and nature of the preceding photoperiod.
The results of the authors would support their hypothetical "carry -over period" of the secretory activity after the end of the photoperiod. The rhythmic activity in the neurosecretion will probably explain well a number of the results obtained with various lighting regimens.
In order to prove the hypothetical role of NSM in avian gonadal growth, the activity of the supraoptic nucleus and the gonadotropin content in the pituitary should be measured in parallel with the measurement of NSM in ME. As the lighting regimen in Experiment A is not inhibitory, whether the neurosecretory system exhibits the daily rhythmic activity remains obscure when nonstimulatory photoperiods such as 8-hour daily photoperiods were given continuously after hatching.
Daily rhythmic change in neurosecretion must be further investigated under various lighting conditions.
